Prenatal alcohol exposure (PAE) has adverse effects on the development of numerous physiological systems, including the hypothalamic-pituitary-adrenal (HPA) axis and the immune system. HPA hyperresponsiveness and impairments in immune competence have been demonstrated. The present study investigated immune function in PAE females utilizing an adjuvant-induced arthritis (AA) model, widely used as a model of human rheumatoid arthritis. Given the effects of PAE on HPA and immune function, and the known interaction between HPA and immune systems in arthritis, we hypothesized that PAE females would have heightened autoimmune responses, resulting in increased severity of arthritis, compared to controls, and that altered HPA activity might play a role in the immune system changes observed.
t r a c t
Prenatal alcohol exposure (PAE) has adverse effects on the development of numerous physiological systems, including the hypothalamic-pituitary-adrenal (HPA) axis and the immune system. HPA hyperresponsiveness and impairments in immune competence have been demonstrated. The present study investigated immune function in PAE females utilizing an adjuvant-induced arthritis (AA) model, widely used as a model of human rheumatoid arthritis. Given the effects of PAE on HPA and immune function, and the known interaction between HPA and immune systems in arthritis, we hypothesized that PAE females would have heightened autoimmune responses, resulting in increased severity of arthritis, compared to controls, and that altered HPA activity might play a role in the immune system changes observed.
The data demonstrate, for the first time, an adverse effect of PAE on the course and severity of AA in adulthood, indicating an important long-term alteration in functional immune status. Although overall, across prenatal treatments, adjuvant-injected animals gained less weight, and exhibited decreased thymus and increased adrenal weights, and increased basal levels of corticosterone and adrenocorticotropin, PAE females had a more prolonged course of disease and greater severity of inflammation compared to controls. In addition, PAE females exhibited blunted lymphocyte proliferative responses to concanavalin A and a greater increase in basal ACTH levels compared to controls during the induction phase, before any clinical signs of disease were apparent. These data suggest that prenatal alcohol exposure has both direct and indirect effects on inflammatory processes, altering both immune and HPA function, and likely, the normal interactions between these systems. Ó 2011 Elsevier Inc. All rights reserved.
Introduction
Impairments in immune competence of children with Fetal Alcohol Spectrum Disorder (FASD) are demonstrated broadly in both innate and adaptive immunity. For example, children exposed prenatally to alcohol have an increased incidence of bacterial infections, such as meningitis, pneumonia, otitis media, gastroenteritis and sepsis, as well as urinary tract and upper respiratory tract infections (Johnson et al., 1981; Church and Gerkin, 1988) . As well, these children have lower eosinophil and neutrophil counts, decreased circulating E-rosette-forming lymphocytes, reduced mitogen-stimulated proliferative responses of peripheral blood leucocytes and hypogammaglobulinemia (Johnson et al., 1981) .
Research using rodent models of prenatal alcohol exposure (PAE) has substantiated the clinical evidence of impaired immunity associated with FASD. Delayed thymic ontogeny, decreased total numbers of splenic and thymic T cells, decreased thymus weight, size, and cell counts, and suppressed B cell development have all been observed in fetuses and newborns exposed to alcohol in utero (Ewald and Walden, 1988; Ewald and Huang, 1990; Clausing et al., 1996; Moscatello et al., 1999) . These changes may persist into adolescence and adulthood, and additional immune deficits, including altered responses to the intestinal parasite, Trichinella spiralis and deficits in mitogen-induced lymphocyte and lymphoblast cell proliferation to mitogens, may be revealed as the animal matures (Ewald and Frost, 1987; Ewald, 1989; Norman et al., 1989; Redei et al., 1989 Redei et al., , 1993 Gottesfeld et al., 1990; Weinberg and Jerrells, 1991; Steven et al., 1992; Giberson and Blakley, 1994; Clausing et al., 1996; Seelig et al., 1996; Jerrells and Weinberg, 1998; Taylor et al., 1999) . Moreover, exposure to
